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Abraham B. Alemayehu, [a] Hugo Vazquez-Lima, [b] Simon J. Teat, [c] and Abhik Ghosh* [a] A combination of quantum chemical calculations and synthetic studies was used to address the possibility of very high (> 6) [2] and the IrO 4 + cation, [3] respectively. [4] In our own laboratory, quantum chemical studies have suggested that the seventhperiod compounds CnF 4 [5] and RgF 7 [6] should also be moderately stable. Porphyrins have long been known to stabilize highvalent transition metal centers such as Fe(IV), [7] Mn(V), Cr(V), Ru (VI), and Os(VI). [8] More recently, we have shown that corroles [9] can stabilize Ru VI N [10] and Os VI N [11] centers as well as Mo(VI) [12] and W(VI), [13] the latter in the form of unique eight-coordinate biscorrole complexes. Herein, we report our first results on whether porphyrin-type ligands can stabilize a valence higher than six, focusing on rhenium. Rhenium is particularly promising because its heptavalent state is not only stable with oxide (especially in the form of perrhenate, ReO 4 À ), but also with a variety of carbon ligands and even with hydride, the latter in the form of the unique homoleptic ReH 9 2À anion.
[14]
We began our investigation by undertaking a ZORA scalarrelativistic density functional theoretical (DFT) study (B3LYP-D3/ ZORA-STO-TZ2P; ADF) [23, 24] of À O 2 ) peroxo complex turned out to be some 0.18 eV higher in energy than the lowest-energy Ir-dioxo species. Experimentally, however, the great majority of stable Ircorroles are six-coordinate Ir(III) complexes [16] with strongly bound axial amine or phosphine ligands and appear unsuitable as precursors to high-valent Ir-oxo species. One-electron oxidation of these species also happens in a largely ligandcentered manner, with only a small amount of Ir(IV) character in the final product. [17] In the wake of the unpromising exploratory DFT studies on Re and Ir corroles, a significant breakthrough came from an unexpected quarter. While searching for phosphorescent 5d metalloporphyrinoids for use as oxygen sensors and as sensitizers in photodynamic therapy, [18, 19] attempted Re insertion into two different meso-tetraarylbenzocarbaporphyrin (BCP) [20, 21] ligands with Re 2 (CO) 10 in refluxing 1,2,4-trichlorobenzene led to not only Re[BCP]O but also a second product for which high-resolution mass spectrometry indicated a molecular formula "Re[BCP]O 2 " (BCP = TPBCP, TpFPBCP; Scheme 2); the quotation marks indicate that the formula refers only to stoichiometry but not to connectivity. The key question accordingly was whether the latter contains an Re VII -dioxo center. Both optical and 1 H NMR spectra afforded intriguing clues as to the nature of these two complexes.
All four new Re-benzocarbaporphyrin complexes Re[BCP]O n (n = 1, 2) were found to exhibit redshifted Soret-like features at just under 500 nm. Interestingly, for both dioxygenated products, the intensity of this feature was found to be only about half that of the monooxo complexes (Figure 1) . 1 H NMR spectra also revealed a broader spread of the pyrrole β-protons for the dioxygenated compounds relative to the monooxo complexes ( Figure 2 (Figure 3) . 4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57 The structure of "Re[TpFPBCP]O 2 ", on the other hand, proved unusual. While one of the oxygens (O1) was found to be coordinated as an axial ligand, the other (O2) was found to bridge the ReÀ C bond, bonded to both atoms as depicted in Figure 4 . Comparison of the metal-ligand distances with Pyykkö's additive covalent radii indicated that the ReÀ O1 distance (~1.69 Å), which is only marginally longer than the ReÀ O distance in Re[TpFPBCP]O and in ReO corroles, [15] is consistent with a triple bond, while the ReÀ O2 distance (2 .00 Å) is consistent with a single bond. [22] The ReÀ N and ReÀ C bond distances are likewise consistent with single bonds. Thus, as shown in Scheme 3, the dioxygenated complexes are best regarded as Re[BCPO](O), where BCPO is a trianionic oxygenated benzocarbaporphyrin ligand. Scalar-relativistic DFT (B3LYP-D3/ZORA-STO-TZ2P; ADF) duly indicated the C s Re[BCPO]O structure as the global minimum, whereas the C 2v Re(VII) species trans-Re[BCP]O 2 , at an energy of 2.1 eV relative to the ground state, was identified as a transition state (Scheme 3). Formally, the BCPO ligand lacks the [18] annulene substructure of porphyrin-type ligands, suggesting reduced aromaticity, [25] which may explain the low Soret intensity of the dioxygenated complexes, as alluded to above.
DFT ligands such as corrolazine stabilize a Re(VII) center? Alternatively, might axial ligands such as imido, nitrido, alkylidene, alkylidyne, and carbido do the trick? These are exciting questions, which we look forward to addressing in the course of ongoing work in our laboratory.
Experimental
Materials. Azulene, 1,2,4-trichlorobenzene, dirhenium decacarbonyl (99.99 %), and potassium carbonate (granulated) were purchased from Sigma-Aldrich and used as received. Silica gel 60 (particle size 0.04-0.063 mm, 230-400 mesh, Merck) was employed for flash chromatography. Silica gel 60 preparative thin-layer chromatographic plates (20 cm × 20 cm × 0.5 mm, Merck) were used for final purification of all complexes.
General instrumental methods. UV-visible spectra were recorded on an HP 8453 spectrophotometer.
1 H NMR spectra (253 K, CD2Cl2) were recorded on a 400 MHz Bruker Avance III HD spectrometer equipped with a 5 mm BB/1H SmartProbe and referenced to residual CH 2 Cl 2 at 5.31 ppm. High-resolution electrospray-ionization (HR-ESI) mass spectra were recorded on an LTQ Orbitrap XL spectrometer using methanolic solutions and typically in positive ion mode.
Re[TPBCP]
O n (n = 1, 2). To a 50 mL, three-neck, round-bottom flask fitted with a reflux condenser and containing a magnetic stirring bar and 1,2,4-trichlorobenzene (10 mL) was added free-base H 3 [TPBCP] (50 mg, 0.0753 mmol), Re 2 (CO) 10 (98.37 mg, 0.1506 mmol), and potassium carbonate (100 mg). The contents were deoxygenated with a flow of argon and then heated at reflux overnight with constant stirring under Ar. Completion of the reaction was indicated by disappearance of the Soret absorption of the free-base ligand and appearance of a new Soret maximum with λ max~4 90 nm. Upon cooling, the reaction mixture was directly loaded onto a silica gel column and eluted with n-hexane as the mobile phase, which removed the 1,2,4-trichlorobenzene. Next to elute with 4 : 1, hexane/dichloromethane was a brown fraction containing monooxo complex Re[TPBCP](O) with a characteristic Soret maximum~490 nm. A second brown fraction eluted next with 2 : 1 delete comma here hexane/dichloromethane, containing "Re[TPBCP]O 2 " with λ max at 324 and 496 nm. The two distinct fractions were separately collected and further purified by preparative thin-layer chromatography with 4 : 1 hexane/dichloromethane for the first fraction and 2 : 1 hexane/dichloromethane for the second fraction. 
